Objective: We assessed the efficacy of distal limited open stenting procedure in octogenarians with distal aortic arch aneurysm.
Shaggy aorta is associated with neurologic complications during TEVAR.
Central Message
Our newly developed technique of distal limited open stenting is an attractive procedure for treating distal aortic arch aneurysms in octogenarians.
Perspective
Our newly developed technique of distal limited open stenting for distal aortic arch aneurysm has resulted in a positive trend toward more favorable outcomes in octogenarians. It was superior for avoiding neurologic complications.
See Editorial Commentary page 536.
In the recent aging society, the number of octogenarians with cerebrovascular or respiratory disorders undergoing thoracic endovascular aortic repair (TEVAR) for distal aortic arch aneurysm (DAAA) has been steadily increasing. Although elderly patients with DAAA may survive because of less-invasive catheter techniques, the large aneurysm around the distal arch to the descending aorta often, particularly in octogenarians, has mural thrombi and atherosclerotic plaques-shaggy aorta-a condition associated with a high incidence of neurologic complications during TEVAR. 1 We have established a new, lessinvasive, and quick procedure, distal limited open stenting, to prevent complications associated with deep hypothermia, a longer duration of cerebral protection, and a longer duration of cardiopulmonary bypass (CPB). 2 The aim of this study was to assess the efficacy of our unique procedure in octogenarians undergoing open surgery for DAAA.
MATERIALS AND METHODS
Between January 2011 and April 2016, a total of 27 octogenarians with DAAA were referred to our hospital. Of these, 3 patients did not undergo surgical treatment because they already had a diagnosis of Alzheimer-type senile dementia and were bedridden at a care institution. Therefore 24 consecutive octogenarian patients were reviewed. Individual consent for this study was obtained from all patients, and institutional review board approval was obtained before publication of this article and reporting of the information. Five patients (20.8%) were women, and the patients' average age was 81.6 AE 2.5 years, ranging from 80 to 90 years. The average maximum diameter of the DAAA was 60.6 AE 5.5 mm. Among the patients, 3 (12.5%) had coronary artery disease, 8 (33.3%) had a respiratory disorder, 5 (20.8%) had atrial fibrillation, and 3 (12.5%) had an old cerebral infarction. Contrast computed tomographic examinations showed a large DAAA with mural thrombi and atherosclerotic plaques in all patients, so they were considered to be at risk for stroke during the TEVAR approach. If the aneurysm is located more on the proximal side of the left common carotid artery, the use of this technique is not indicated, and the total arch replacement must be performed under moderate hypothermic arrest with antegrade selective cerebral perfusion.
The surgical procedure (Video 1) is performed through a median sternotomy, which facilitates additional cardiac surgery if required. CPB is implemented from both venae cavae to the ascending aortic cannulation, with only the superior vena cava being snared, and rapid cooling is initiated. When the rectal temperature has been decreased to 30 C, the ascending aorta is clamped, and a cold, crystalloid cardioplegic solution is administered through the aortic root cannula. Then circulatory arrest is induced at a rectal temperature of 28 C without any cerebral perfusion. The hemicircumference of the anterior surface of the arch between the left common carotid and left subclavian arteries is obliquely incised (Figure 1) , and a J-Graft Open Stent (Japan Lifeline Co, Ltd, Tokyo, Japan; Figure 2 ) is inserted into the descending aorta with the preoperatively measured length, and the graft is subsequently deployed without any balloon dilation. The distal end of the stent graft is assessed with transesophageal echocardiography to confirm that the aneurysm is fully covered by the device. The proximal side of the graft is trimmed, and the posterior aortic wall and graft are continuously anastomosed under a toward the assistant's side, and the graft is continuously sutured around the orifice of the left subclavian artery ( Figure 3 ). The aortic incision and anterior side of the graft are continuously closed with the same suture. During circulatory arrest, circulating blood in the CPB circuit is warmed with a heat exchanger set to the maximum level around 35 C and the patient's body, except for the head, is warmed with a hyperthermiahypothermia system (Medi-Term II; Gaymar Inc, Orchard Park, NY). Deairing is performed by retrograde blood perfusion through the superior vena cava cannula at the end of the aortic closure. As soon as the arch has been closed, the aortic crossclamp is released and rapid rewarming is initiated by the perfusion of heated blood. If the aneurysm includes the subclavian artery, it is possible to close the subclavian artery during circulatory arrest, and the stent graft is sutured between the common carotid and left subclavian arteries. Next, the left subclavian artery is reconstructed with another 8-mm graft under aortic side clamping during rewarming.
The mean follow-up duration was 31.1 months, ranging from 3 to 68 months. Follow-up information was obtained for all patients. At the time of this study, patients were assessed with the Mini-Mental State Examination (MMSE; Table 1 ). The MMSE includes 11 questions, and the best possible score is 30 points. Patients with an MMSE score of less than 20 points are considered to have dementia. 3 The actuarial survival was calculated with the Kaplan-Meier method.
RESULTS
Coronary bypass grafting was concomitantly performed in 3 cases (12.5%). The maze procedure and left atrial Table 2 ). The durations of postoperative mechanical ventilation and the hospital stay were 6.4 AE 3.8 hours and 13.9 AE 4.5 days, respectively ( Table 2 ). All patients woke up within 6 hours after the operation and were extubated without the incidence of delirium. There were no incidences of postoperative stroke, paraplegia, reexploration for bleeding, or acute renal failure. Postoperative 3-dimensional computed tomographic scans showed no end leakage in all patients (Figure 4) . The in-hospital mortality was 0%. During the follow-up period, 3 patients died, 1 each of heart failure, acute myocardial infarction, and gastric cancer. At the time of this writing, 21 patients were well and visiting the outpatient clinic. Of those, 19 patients scored more than 20 points on the MMSE, indicating no development of dementia. The average score for the MMSE was 24.4 AE 5.3 points. No patients required the use of a wheelchair, and 17 (81.0%) were visiting the clinic without family support. The actuarial survival at 5 years was 82.4% ( Figure 5 ).
DISCUSSION
With the ever increasing human lifespan, cardiovascular surgeons are faced with treating an increasing number of elderly patients. Octogenarians often have concomitant FIGURE 2. J-Graft Open Stent (Japan Lifeline Co, Ltd, Tokyo, Japan). A shape-memory alloy, which is made of nitinol wire with tip of 9 cm on the distal part, is attached to a woven structure graft. diseases, such as renal insufficiency, chronic obstructive pulmonary disease, or degenerative cerebral disease. 4 They thus may not be able to tolerate the prolonged surgical stress of deep hypothermia, a longer duration of cerebral exclusion, or CPB. Furthermore, a prolonged operation can increase mortality as a result of coagulopathy, cerebral ischemia, infection, or multiple organ failure. 5 TEVAR is therefore an attractive option for treating thoracic aortic diseases in octogenarians. An incidence of approximately 8% of spinal and cerebral disorders during TEVAR has been reported, however, and this incidence is particularly high for elderly patients with mural thrombi and atherosclerotic plaques of the aortic wall. 1 The distal limited open stenting procedure was developed to reduce the invasiveness of total arch replacement and to compensate for the disadvantages of TEVAR, such as the relatively high incidence of brain and spinal complications 1 or type 1 endoleakage caused by markedly curved pathways of the distal arch. 6 Various improvements have been made since open stenting was first reported by Kato and colleagues 7 and Sueda and associates 8 ; however, deep hypothermia and selective cerebral perfusion, which are associated with an additional risk of cerebral embolization due to brain perfusion catheter insertion itself, are still required. Conversely, we do not use selective cerebral perfusion in our procedure, because the cerebral perfusion catheters are an obstacle to quick suture and it is possible to finish circulatory arrest within 20 minutes. No matter what unexpected situation arises, we can quickly start retrograde cerebral perfusion through the superior vena cava cannula. In the study reported here, however, unexpected retrograde cerebral perfusion was never required. In this study, no incidence of brain complication was indicated, although the rectal temperature was approximately 28 C without any cerebral blood perfusion for brain protection. Cook and colleagues 9 reported that deep hypothermia less than 22 C may not be necessary, and it may be associated with neurologic injury during selective cerebral perfusion. Greeley and coworkers 10 mentioned that patients cooled to 28 C had a predicted brain ischemic tolerance of approximately 20 minutes. Our results suggest that moderate hypothermic arrest at 28 C without any cerebral blood perfusion within 20 minutes is safe. Another aspect of this procedure is rapid rewarming. It has been generally accepted that rewarming from deep hypothermia should be conducted as slowly as possible. 11 In deep hypothermia, cerebral metabolism and oxygen extraction remain significantly reduced during rewarming and after CPB, suggesting disordered cerebral metabolism and oxygen use after hypothermia. 12 We therefore speculate that the potential mismatches in cerebral blood flow and metabolism after deep hypothermia are most likely expressed during rapid temperature or perfusion changes, such as during rewarming. Conversely, Greeley and colleagues 11 reported that patients cooled to 28 C demonstrated a return to baseline in cerebral blood flow during the rewarming phase and after weaning from CPB. We therefore believe that it is possible to induce rapid rewarming after moderate hypothermic circulatory arrest. Furthermore, it can shorten the durations of CPB and the overall operation. We believe that a shorter surgery can result in a better outcome, because it can minimize surgical stress related to deep hypothermia and a longer duration of CPB for weak octogenarians.
Distal limited open stenting provides a perfect early surgical outcome for octogenarians. All patients also received elective surgery for DAAA, so, we need to determine how many octogenarians have returned to their preoperative living status. Rapid demographic aging has important implications for health and social care. Cognitive disorders and dementia have a high individual impact, and they are strongly associated with age. 13 A recent report estimated that the number of elderly people with dementia in the world will increase from 24 million to 82 million from 2000 to 2040.
14 Our unique procedure can contribute to the survival of octogenarians. If patients have dementia or have become bedridden early during the follow-up, however, their family members may become very stressed because of the increased burden of having to care for the patients.
In this study, more than 80% of patients were actually visiting the clinic without family support; however, a cognitive assessment is a basic element for diagnosing dementia. The average score for the MMSE was 24.4 AE 5.3 points, and only 2 patients showed signs of dementia. We excluded patients who already had Alzheimer-type senile dementia from the study. It is evident that our unique distal limited open stenting for DAAA provides a good postoperative quality of life at a level close to preoperative living conditions, even in the case of octogenarians. The preoperative clinical status is the most significant factor for predicting early death, and in general, surgery should only be considered an effective treatment for patients with a good preoperative clinical status. In this study, although octogenarian patients did have some a preoperative comorbidities, such as coronary artery disease, respiratory disorder, atrial fibrillation, an old cerebral infarction, and shaggy aorta, their quality of life was still good after distal limited open stenting.
CONCLUSIONS
Distal limited open stenting is considered a safe and effective surgical treatment, especially in octogenarians with DAAA. This unique technique enables surgeons to avoid cerebral embolization, spinal disorder, and phrenic and recurrent nerve injury, and it shortens the durations of circulatory arrest and CPB for weak octogenarians.
